While food insecurity is a well-known cause of under-nutrition and stunting, in recent decades it has also been linked with obesity. Understanding and thus minimising the risk factors for obesity in low-and middle-income country contexts, which often lack the health system capacity to treat the consequent obesity-related illnesses, is crucial. This study adopted realist review methodology because it enabled us to analyse and organise the evidence from low-and middle-income countries into a coherent scheme. By comparing this evidence to existing theory on food security and nutrition, we aimed to provide a richer understanding of the nuances and the socio-demographic nature of the food insecurity-obesity relationship. The review generated 13 peer-reviewed articles which studied the relationship between food insecurity and overweight/obesity in low-and middle-income countries. Affordability of highenergy, processed foods was identified as a main mechanism, which determined whether or not food insecurity leads to obesity in low-and middle-income countries. Other mechanisms identified were: quantity and diversity of food consumed; spatial-temporal access to nutritious food; inter-personal food choice and distribution; and non-dietary behaviours. Despite the limited empirical evidence available, our review presents meaningful and policy-relevant insights into the food insecurity-obesity relationship in from low-and middle-income countries. Interventions to address the food insecurity-obesity link need to address diet quality, and demand a broad understanding across a variety of experiences.
nearly 800 million people are unable to access enough food to meet their basic daily requirements (Food and Agriculture Organization of the United Nations, 2015) , and the number of people whose full nutritional needs are unmet is much higher (Pinstrup-Andersen, 2009) .
While food insecurity is a well-known cause of under-nutrition (Tanumihardjo et al., 2007) and stunting, in recent decades it has also been linked with obesity in high-income countries (Dinour et al., 2007; Franklin et al., 2012) . Whether this relationship also exists in low-and middle-income countries (LMICs) is not clear and more research is needed (Hough and Sosa, 2015) . The relationship between food insecurity and obesity in LMICs is the focus of this review.
The World Health Organization (WHO) defines obesity as a preventable condition where Body Mass Index (BMI) is higher than 30 kg/m 2 (World Health Organization, 2015b) . Obesity increases the risk of several adverse health consequences-including cardiovascular disease, diabetes, cancer and poor pregnancy outcomes (Kamal et al., 2015; World Health Organization, 2015b) . In high-income countries, obesity disproportionately affects socioeconomically disadvantaged populations (Franklin et al., 2012; Kamal et al., 2015) . Obesity has been proposed to be a disease of affluence in LMICs (Kamal et al., 2015) -but socio-demographic risk factors for obesity in LMICs are complex (Subramanian and Smith, 2006) and appear to vary between countries (Jones- Smith et al., 2012) . The majority of the increase in obesity globally is predicted to take place in LMICs (Wells et al., 2012) . Understanding and thus minimising the risk factors for obesity in LMIC contexts, which often lack the health system capacity to treat the consequent obesityrelated illnesses, is crucial.
An interplay of social and circumstantial factors determines whether food insecurity leads to underweight or to obesity. This is true both in developed and developing country contexts: Franklin et al.'s (2012) review of 19 Northern American studies on the association between food insecurity and obesity described the relationship between food insecurity and obesity as 'non-linear' and stressed that it relied on 'mediators' such as gender and marital status.
Realist review methodology was adopted in this review because it enabled us to analyse and organise the evidence from LMICs into a coherent scheme and compare this evidence to existing theories to provide a more nuanced understanding of the socio-demographic nature of the food insecurity-obesity relationship . Realist review is a theory-based approach which is focused on understanding the mechanisms (M) that explain the differing relationships between contextual factors (C) and outcomes (O)-referred to herein as CMO relationships. Realist reviews aim to provide policy makers with an understanding of the mechanisms by which (how) changed conditions (in this case differing levels of food insecurity) lead to outcomes (obesity), and how that relationship may vary in different contexts . This paper starts to elucidate the conditions that could cause food insecurity to lead to obesity in LMICs at different levels from societal to individual, by looking at the most important CMO relationships that arise in the literature.
METHODS

Identifying the research question
The review methodology was guided by , who call for an iterative approach to the literature search and to focusing the review. We performed two rounds of literature searches, an initial search and a main search. Our initial research question sought to examine the association between food insecurity and obesity in adults and adolescents in the LMICs of the AsiaPacific. We searched the Web of Science search engine with the terms 'food insecurity', 'obesity', 'Asia' and 'Pacific'. We noticed a research gap in the Pacific, so we expanded the focus of the research question and of the main search to include literature from LMICs in other regions.
Search strategy and inclusion and exclusion criteria
In the main search PubMed, Web of Knowledge and Google Scholar were used to identify peer-reviewed journal articles that studied the relationship between food insecurity and obesity in LMICs. The search terms used were 'food security', 'food insecurity', 'obesity', 'body mass index', 'food access', 'Asia', 'Pacific', 'developing country', 'low-and middle-income country', 'lowincome country' and 'middle-income country'. In order to collect a range of recent evidence from LMICs, the review spanned papers published in the last decade (2006-2015 inclusive) , however reference searching led us to include an additional key paper published in 2003 (Guilliford et al., 2003) . Only English language papers were included. We included articles with adult and/or adolescent study populations, but not those with only children under 15. state that 'providing the necessary evidence to demonstrate a theory is coherent and plausible does not necessarily require the unearthing of every document about that theory'.
The search was continued until it reached theoretical saturation .
Studies were appraised by screening for relevance and rigour (Pawson et al., 2005; . Articles from LMICs that measured food insecurity and included overweight and/or obesity as outcome measures were deemed relevant. Rigour was assessed using the Critical Appraisal Skills Programme appraisal tool (CASP, 2013) for the review papers and an adaptation of the UK National Institute for Health and Care Excellence appraisal checklist, Appendix G (NICE, 2015) for the cross sectional papers (see Table 2 for details on each study type). Two authors assessed articles separately against this checklist and discrepancies were discussed and resolved.
Data extraction
Next, papers included in the final review were entered into a data extraction template containing the fields in Tables 1 and 2 below; as well as headings to record the context, mechanism and outcome factors described by each article.
A key tenet of realist synthesis is to draw from sections of documents which are relevant to the review question (Pawson et al., 2005) , that is, 'How could food insecurity lead to obesity in adult populations in lowand middle-income countries?'. For the multi-country cross-sectional papers we included (Tanumihardjo et al., 2007; Hough and Sosa, 2015) , the review focused on the findings from LMICs. Similarly, for the one study which surveyed adult and child populations (Isanaka et al., 2007) , we analysed the findings related to food insecurity and obesity in adults, but not children.
Formulating the initial theoretical framework
Once the data had been entered into the data extraction template, data were organised into CMO relationships through an iterative process of examining the data extraction template for patterns and debating the relationships amongst the research team, which included researchers who had previously published realist reviews; and in the areas of obesity, nutrition and food security. During this process, we took into account the following three theoretical frameworks; and considered which, if any, would be suitable to test and refine with evidence from our review .
Freedman et al.'s multicomponent model of nutritious
food access (Freedman et al., 2013) , which was developed in the USA with the aim of addressing the lack of a unifying conceptual model of nutritious food access.
2. Hendricks' (2015) Continuum of food insecurity, coping strategies and interventions, which combines scales of food insecurity, coping strategies and suitable interventions. For example, a person who is experiencing 'Acute hunger' (the second most severe point on the food insecurity scale) is predicted to 'Sell off productive assets' (the strongest coping strategy on the scale), and an appropriate intervention for a person in this situation would be 'Relief interventions: sell off food and other basic assets'. 3. The UNICEF framework for malnutrition (World Bank, 2016) , which is a flowchart stemming from the three proximal (individual-level) causes of child stunting (inadequate food intake, low weight at birth and poor health status). The framework lists the household (inadequate food quantity and quality, low household resources, family size and structure, inadequate practices, inadequate healthcare, inadequate services) and community-level (economic social infrastructure, educational services, health services, water and sanitation services) factors which have influence on these proximal factors.
RESULTS
Review overview
The search was performed in March 2016. About 1090 titles were reviewed from PubMed, 79 from Web of Science and 1200 from Google Scholar. Through title screening, 335 articles were shortlisted due to their potential relevance to the research question. After reviewing the abstracts of the shortlisted papers, 64 articles were identified as potentially relevant to the research question and full text versions of these articles were reviewed. Seven additional articles were located by reference list screening of shortlisted articles and of these, two were included. Most exclusions were because articles were about food insecurity or obesity but not both; or because they were not LMIC focussed. None of the 13 articles were excluded due to poor quality as each met the minimum overall inclusion criteria for relevance and rigour (see Supplementary Table S1 ). The review generated 13 peer-reviewed articles which added theoretical insight to potential associations between food insecurity and overweight/obesity in adults in LMICs, published between 2003 and 2015-although the majority (9) were published in or later than 2011. Of the 10 studies that reported empirical evidence (all single country cross-sectional studies), four found a positive association between food insecurity and obesity/overweight; five found no association; and the remaining study found a negative association (Table 1) . From the Asian studies: one reported a negative association, three reported no association and one study reported a positive association. Both Brazilian studies reported a positive association in some of their study populations.
A variety of methods were used to measure food insecurity in the single country cross-sectional studies-from surveys that had been extensively tested for internal validity in the study populations (Vel asquez-Melendez et al., 2011; Kac et al., 2012; Shariff et al., 2014) -to those that used very simple measures using just one question: 'have you had to ask for food from your neighbours in the last 12 months?' (Kamal et al., 2015) (Table  2) . BMI was used to measure obesity/overweight by all 10 single-country cross-sectional studies: eight studies measured it directly and two measured it through selfreported weight and height (Table 2) . No clear pattern between the level of rigor of measurement of food insecurity and BMI, and whether the studies reported a positive or lack of/negative association between food insecurity and obesity/overweight, was observed. Sample sizes for the single country cross-sectional studies ranged from just over 200 households (Shariff et al., 2014) to over 16 000 respondents (Kamal et al., 2015) . We found no pattern between sample size and whether the studies reported a positive or lack of/negative association between food insecurity and obesity/overweight. No link between sex of the study participants and whether the studies reported a positive or lack of/ negative association between food insecurity and obesity/overweight was found.
Summary
During the process of comparing emergent CMO relationships to existing theories, it became clear that Freedman et al.'s Multicomponent Model of Nutritious Food Access was the most appropriate pre-existing model upon which to anchor our analysis (Freedman et al., 2013) . The model frames the relationship between food insecurity and obesity as a way to examine associations between the social determinants of health and obesity-which matches the premise for our review. Factors related to access to nutritious food are divided into 'domains' (in oval to left in figure below) and 'dimensions' (in rectangles to right). These domains and dimensions work across individual, community and country levels.
Five main mechanisms arose from our review explaining how food insecurity was or was not linked to obesity and overweight in LMICs. These were: (i) affordability of energy dense, processed foods; (ii) quantity and diversity of food consumed; (iii) spatialtemporal access to nutritious food; (iv) inter-personal food choice and distribution; and (v) non-dietary behaviours. These mechanisms broadly align with the domains in Freedman et al.'s framework (Figure 1 ) but have been reconfigured to present in realist terms in Figure 2 and in the text below the most pertinent insight from LMICs from the existing literature. Numerous relationships between these five mechanisms (M) and contextual factors (C) (the coloured lines in Figure 2 ), were identified to be potentially influential in the development of overweight/obesity or not (the outcome [O] ). These CMO relationships explain how the association between an individual's food insecurity status and obesity risk could be modified by different household and community-level and country-level contextual factors.
Mechanism 1: affordability of energy dense, processed foods
All 13 research articles reported the influence of type of food consumed to be relevant to the relationship between food insecurity and obesity, and four studies presented evidence directly from their study populations (Guilliford et al., 2003; Shariff and Khor, 2005; Isanaka et al., 2007; Vuong et al., 2015) . The most common food types discussed were energy-dense, heavily processed foods. The studies which found a positive relationship between food insecurity and obesity proposed high consumption of energy dense, heavily processed foods as a reason for increased BMI amongst food insecure groups (Shariff and Khor, 2005; Vel asquezMelendez et al., 2011; Kac et al., 2012; Keino et al., 2014) . Shariff and Khor (2005) empirically compared type of food consumed between food secure and food insecure groups and found that food insecure groups had higher energy intake than the food secure group, although the difference was not statistically significant. On the other hand, three studies that found a negative or lack of relationship between food insecurity and obesity suggested that energy dense foods and/or beverages were consumed in equal or lower amounts in food insecure compared to food secure participants (Guilliford et al., 2003; Kamal et al., 2015) . For example, Isanaka et al. (2007) found that households that experienced food insecurity consumed less commercially processed snacks and high-fat foods than food secure ones. Economic accessibility of high-energy, processed foods is a major reason for their consumption (Tanumihardjo et al., 2007; Kac et al., 2012; Hough and Sosa, 2015) . Affordability of high-energy, processed foods was thus identified as a main mechanism which determined whether or not food insecurity leads to obesity in LMICs. This mechanism aligns with Freedman's et al.'s 'Economic access' domain (Freedman et al., 2013) .
Food pricing and income levels emerged as the most important contextual factors to influence affordability of these foods. Those studies which showed a positive relationship between food insecurity and obesity were more likely to come from settings where high-energy, commercially processed foods were low-cost. This was articulated by Kac et al. (2012) , who stated: 'it seems that only when the nutrition transition reaches a stage at which energy-dense foods become available at affordable prices does food insecurity become a risk factor for overweight or obesity'. Consumption of these foods is likely to increase if they are cheaper than more nutritious foods in local markets; or included in food aid or subsidy programs (Tanumihardjo et al., 2007) . There was a tendency for studies which reported a lack of, or a negative association, between food insecurity and obesity to be either from lower-income countries at the start of the nutrition transition (Kamal et al., 2015) -or from disadvantaged communities within MICs with income levels too low to access obesogenic diets (Isanaka et al., 2007; Shariff et al., 2014; Vuong et al., 2015) .
Mechanism 2: quantity and diversity of food consumed
Quantity and diversity of food consumed was proposed to be linked to obesity in food insecure individuals via three pathways. In one, changes in diet diversity (i.e. proportionate quantities) led to a weight gain- promoting intake ratio of foods high in energy, compared to foods high in other nutrients (Shariff and Khor, 2005) . In that study, diet diversity score decreased as food insecurity worsened. Second, cycles of food underconsumption caused by food insecurity may lead to periods of over-consumption which can cause obesity (Shariff et al., 2014) . The third proposed pathway involved metabolic adaptions which lead to storage of more body fat as a result of variations in eating patterns (Kac et al., 2012) .
When this mechanism was viewed through the lens of Freedman et al.'s 'Service delivery' domain, the 'Quality and variety of foods sold' dimension (Freedman et al., 2013) was of some relevance in our review, although the literature tended to focus on this from the perspective of food quantity consumed by individuals, as opposed to exploring in detail what food was available in markets.
The contextual factors that appeared to modify the action of food quantity and diversity on obesity in LMICs were: level of chronicity of food insecurity; age; and food price. Shariff et al. (2014) proposed that the negative relationship seen between food insecurity and obesity in their study could be explained by households experiencing chronic (i.e. consistent) rather than sporadic or fluctuating food insecurity. At the individual level, age may affect the amount of time an individual has been living in a particular food insecure environment. Food price can lead to unbalanced quantities of food consumption-with higher than recommended intake of energy dense foods and suboptimal proportions of more nutritious foods such as fruit and vegetables. Hough and Sosa's 2015 review cited findings of a WHO and Food and Agriculture Organization workshop; and a food pricing study from three low-income communities in South Africa-and both demonstrated that cost is a major barrier to fruit and vegetable consumption in LMICs.
Mechanism 3: spatial-temporal access to nutritious food Distance lived from food sources, and physical ability to travel that distance, were proposed to influence the relationship between food insecurity and obesity in our review but the evidence was sparse. This mechanism is aligned with the Spatial-temporal domain in Freedman et al.'s framework (Freedman et al., 2013) . Guilliford et al.'s (2003) study in Trinidad and Tobago, which found a strong statistical association between physical limitation and food insecurity, noted that physical disability may limit an individual's ability to access food, both financially and physically. Keino et al.'s (2014) study in Kenya found a positive relationship between food insecurity and obesity, and that urban women were more likely to be obese. The study did not empirically measure the role of physical activity in these relationships, but the authors proposed that physical activity levels influenced by proximity to food markets could be a contributing factor here as rural women were often required to travel further to access shops and other amenities.
Mechanism 4: inter-personal distribution of food
Human behaviour around food choice and food distribution was found to have important influence on obesity risk amongst food insecure individuals in LMICs. This mechanism is encompassed by Freedman et al.'s Social access domain, in particular the 'Cultural foodways, traditions and norms' and 'Discriminatory practices reducing access' dimensions (Freedman et al., 2013) .
Cultural acceptability and social attitudes towards food consumption and distribution are the predominant contextual factors affecting this mechanism.
The high level of social acceptance of energy-dense foods is a reason why they are often distributed as part of food subsidy programs (Hough and Sosa, 2015) , which may in turn lead to obesogenic overconsumption of energy. Showing the reverse of this, Vuong et al. (2015) , who found no correlation between food insecurity and increased BMI, suggested that this could have been because lower income, food insecure populations in urban Vietnam were 'relatively "conservative" with respect to the consumption of Western-style foods and potentially more "faithful" to traditional foods, contributing to very low consumption proportions of the Western-style [energy dense, processed] foods'-a mechanism previously described by Le (2008) .
Distribution of food between household or community members, often influenced by cultural and social norms, can exaggerate or downplay the individual effect of household food insecurity. For example, one or more household member may absorb food availability stress by allocating healthy food to other household members (Kac et al., 2012) . Age is likely to play a role here: Kac et al. (2012) proposed that the association found between food insecurity and excess weight in adolescent women severely food insecure participants only-compared to the link seen between moderate food insecurity and obesity in adult populations in Brazil Vel asquezMelendez et al. (2011)-could be explained by parents in food insecure households sheltering their children from food insecurity.
Additional contextual factors suggested to influence food distribution within households were gender and marital status. Keino et al. (2014) reported that married women living in male-headed households were more likely to be overweight than single, divorced or separated women in female-headed households, but did not describe a clear causation pathway for this relationship.
Mechanism 5: non-dietary behaviours
The review identified one variable operating at the individual level that can downplay or exacerbate the effect of food insecurity on obesity risk: physical activity level. This fits within the 'Health status' dimension of Freedman et al.'s (2013) Personal access domain.
The relationship between food insecurity and physical activity levels is likely to be multi-directional. Shariff and Khor (2005) attributed physical inactivity as a contributing co-factor to the positive relationship seen between food insecurity and obesity because food insecure participants spent less time doing physical leisure activities. Kac et al. (2012) proposed that physical inactivity could have been a contributing factor in the association between food insecurity and obesity in the Brazilian adolescent females in their study, but did not directly measure physical activity levels in their study population. This mechanism was not discussed in enough detail to examine contextual factors, aside from the effect of rural versus urban residence on physical activity levels which was discussed under Mechanism 3.
DISCUSSION
Context-mechanism-outcome relationships
This review sought to understand how the interplay between certain contextual factors and mechanisms could determine whether food insecure populations will become obese or not. Affordable access to high-energy, processed foods (Mechanism 1) and variation in food quantity and diversity (Mechanism 2) were identified as dominant mechanisms.
Thirteen studies were included in the review-11 cross-sectional studies (10 single-country and one multicountry); and two review articles. The two review articles and the multi-country cross-sectional study brought a broad overview perspective which was helpful in orientating our analysis; as well as some specific insights to the CMO relationships described. Among the countryspecific cross-sectional studies, a fairly even number of articles reported positive (four)-as negative (one) or no association (five)-between food insecurity and overweight/obesity (Table 1) . In the reviewed studies, there was no clear divide in the relationship between food insecurity and obesity between low-and middle-income countries; region the study was based in; method used to measure food security; sample size; or gender of study population. This is likely to be because differences in the relationship between food insecurity and obesity depend upon the interplay between the mechanisms and context-specific factors described in this review, and probably additional mediators that have not yet been uncovered by the small amount of research in this area to date.
Five generative mechanisms emerged which appeared to moderate the link between food insecurity and obesity in LMICs. As mentioned above, coverage of evidence ranged from broad (mechanism 1, which was discussed by every article), to medium (mechanisms 2 and 4), to sparse (mechanisms 3 and 5). Assessing the strength of evidence about generative mechanisms in realist reviews has its challenges-owing to their theoretical nature, they are not possible to measure directly , and this may in part explain the low level of empirical evidence for each mechanism in our review. It is, however, possible to use available evidence to analyse and prioritise the importance of mechanisms in relation to each other and the studies included in this review allowed us to start to do this for the first time using evidence from LMICs.
While the premise behind mechanism 1-that if food insecure populations are more likely to have affordable access to high-energy, processed foods, food insecurity can lead to obesity in LMICs-is very likely, there is currently insufficient empirical evidence from LMICs to validate it. Nonetheless, this mechanism is likely to have importance in LMICs and should be a focus area for future research for two reasons. The first reason is the suggestion of the importance of this mechanism by all study authors in our review. The second reason is that there were similarities between this mechanism as proposed by publications in our review and the broader global literature. For example, the suggestion by one study that food subsidy programs in LMIC contexts (the example of Mexico was used), unless very carefully designed to include non-obesogenic food types, may contribute to obesity (Tanumihardjo et al., 2007) resonates the findings of two studies in Franklin et al.'s (2012) USA review.
Variation in food intake quantity and diversity (the second mechanism described in this review) was suggested by numerous studies to have a role in the food insecurity-to-obesity relationship. Length of time an individual or household is exposed to food insecurity, and price of food, are likely to be the two most important contextual factors to influence this mechanism. Skipping breakfast, another form of irregular food consumption, has been linked to overweight and obesity in Asian and Pacific populations (Horikawa et al., 2011) -and that study proposed the underconsumption-overconsumption cycle and metabolic adaptations as possible causation pathways.
The need for more research into mechanisms 1 and 2 is summarised well by Tanumihardjo et al. (2007) , who emphasise that in order to strengthen policy, intervention and research efforts, it is important to understand 'the ramifications of having a diet that provides adequate or excessive energy yet insufficient diversity and nutritional quality'. This is echoed by the two main reviews which have studied the food insecurity-obesity relationship in the USA (Dinour et al., 2007; Franklin et al., 2012) .
Inter-personal distribution of food (mechanism 4) is in theory an important mechanism to consider in the LMIC context, owing to the myriad and varied cultural practices and traditions which influence food consumption and distribution. Contextual factors which are likely to affect the relationship between food insecurity, inter-personal distribution of food and obesity are social and cultural acceptability, gender, age and possibly marital status-but coverage of each factor by the reviewed studies was weak with each discussed by only one or two studies, making them difficult to prioritize. Nonetheless, the suggestion that individuals who are older than others within their household are likely to redirect the more nutritious food resources to younger household members may predispose older people to obesity (Kac et al., 2012) has been previously described in the literature from the USA and has been termed the 'sacrifice theory' (Franklin et al., 2012) .
Spatial-temporal access to nutritious food (mechanism 3) and non-dietary behaviours (mechanism 5) were each only discussed by a handful of studies as being influential in whether or not food insecurity leads to obesity-presenting another research gap for LMICs.
Gender is a contextual factor deserving of highlighted attention in this policy space. Household nutritional status is positively influenced by women's level of control over household finances (UNICEF, 2011) . Women worldwide disproportionately experience food insecurity (BRIDGE, 2014) , 60% of undernourished people worldwide are female (Asian Development Bank, 2013) , and worldwide obesity prevalence is 50% higher in women than in men (Wells et al., 2012) . Women may also be more vulnerable to the poor health outcomes associated with food insecurity due to physiological differences which may predispose women to obesity (Power and Schulkin, 2008) . Franklin et al. (2012) described consistent links between food insecurity and obesity in females in their US review, whereas the link was less clear for men. This is backed by other research from high-income countries: a study in France found food insecurity was associated with obesity in women but not men (Martin-Fernandez et al., 2014) . Dinour et al.'s (2007) review found the relationship between food insecurity and obesity to be strongest for adult women.
Food access framework
Overall we found that our evidence from LMICs fit within Freedman et al.'s food access framework-all domains in the framework except for the service delivery domain emerged as relevant to the relationship between food insecurity and obesity in LMICs. Notably, economic access to nutritious foods emerged as being of considerable importance in our review as well as in the food access framework. But while our results were generally aligned with Freedman et al.'s framework, there were some differences in focus, or assumptions of relevance behind the 'domains'. These can largely be attributed to the fact that Freedman et al.'s framework was developed in a high-income setting. For example, when mechanisms 1 and 2 were examined through Freedman et al.'s framework, it became apparent that store incentives, service provided by staff and food presentation were not focused on by the studies in our review.
Freedman et al.'s model also helped identify an important research gap in LMICs: when analysing mechanism 5 in relation to Freedman et al.'s model, we found that the 'Food and nutrition knowledge' dimension was not explored in enough depth by the studies in our review to incorporate into a CMO relationship. The role of education in obesity prevention is of vital importance in LMICs (Jones-Smith et al., 2012) .
Measuring food security
Despite variations in definitions, we were still able to perform meaningful analysis as a shared characteristic of the least food secure people in all reviewed articles was a lack of empowerment to make optimal food choices. As Hendricks (2015) points out, the notion of food security is complex and crosses multiple disciplines, including economics, health and sociology, so it is unsurprising that there is not yet an internationally agreed upon tool or measurement system to measure it (FAO, 2015) . There was significant variation in tools and methods for measuring presence and degree of food insecurity between the studies in our review ( Table 2) . Because of this, our analysis was at the level of some degree of food insecurity existing or not-it was not possible to look for patterns in the results between studies that reported mild, moderate or severe food insecurity.
There is a tendency for consistency in food security measurement to be present when comparing studies from the same country in our review, however it would be useful to continue to strive towards international consensus on the measurement of food security. Another challenge of current food security measurement tools is their ability to distinguish between acute and chronic food insecurity (Franklin et al., 2012) and changes in levels of food security with time (Hendricks, 2015) . The ability to do so is important, especially given the relevance of level of chronicity of food insecurity to Mechanism 2 in this review.
The CMO relationships that emerged in our review operated across individual, community and country levels, which reflects the real-life effects of food insecurity. Despite this, the review's studies measured food insecurity at the household level, which is a sub-optimal platform from which to study mechanisms that operate at the individual level such as the effect of stress on individual patterns of food consumption, and this should be taken into account in any research that studies such mechanisms more deeply.
Limitations
Our review was limited by challenges with gathering empirical evidence to support the CMO relationships, and the complexities of food security measurement which are discussed above.
It is ideal for realist reviews to include various study types in order to present a 'rich picture' of the evidence (Pawson et al., 2005) . Although our search strategy was open to all types of research study, the majority of included studies were cross-sectional. The limitations of cross-sectional studies, namely, that they present evidence from a snapshot in time and not the food insecurity-obesity relationship is a continuum, were widely acknowledged by the studies in our review. Ours was not the only review with this challenge: Franklin et al.'s (2012) review also included mainly crosssectional studies. Further research in this area should use a longitudinal study design wherever possible, with detailed qualitative information about food selection behaviour.
All studies used BMI to measure weight status. BMI is an imperfect measure of obesity as it does not measure body fat, and there is a lack of consensus over the cut-off for different ethnicities. There was minor variation in cutoff points used for BMI to indicate obesity and overweight (Table 2 ) and two articles in our review (Isanaka et al., 2007; Vuong et al., 2015) used self-reported weight data, which could have led to under-or over-reporting of BMI. Despite these limitations, BMI is a convenient and relatively reliable proxy measure for obesity at the population level and in such research environments as in our included studies, BMI is an appropriate measure of obesity.
Recommendations for future research
The way we measure food access-obesity relationships needs further research. In-depth studies which collect detailed information about food choices and dietary intake, as well as prospective studies which collect data over multiple points in time, are likely to deepen understandings of the mode of action of these relationships. New frameworks for studying food access, like that proposed by Penney et al. (2015) , which will give a framework to answer questions around how, for whom, and under what circumstances a change in food availability influences diet, are likely to also assist in making sense of the complexities of the food insecurity-obesity relationship in different contexts.
CONCLUSIONS
The relationships between socio-demographic factors, food security and obesity are complex and depend upon the country's stage of the nutrition transition. Our review provides an initial framework for policy makers and researchers to identify which mechanisms and contextual factors may be at play in different food insecure populations in LMICs. Despite the limited empirical evidence available, our review presents meaningful and policy-relevant insights into the food insecurity-obesity relationship in LMICs, which should also be of use in designing future research. Affordability of high-energy, processed foods was identified as a main mechanism which determined whether or not food insecurity leads to obesity in low-and middle-income countries. This mechanism is likely to work in varying combinations with the other context-mechanism relationships described, depending on the contextual factors present.
In many settings such as the Asia Pacific region, 'the most fundamental food crisis . . . is one of poor diets, and this affects the obese just as much as the undernourished' (Weinberger et al., 2009 ). Countries at the early stages of the nutrition transition have the opportunity to learn from the experiences of other countries to stop their populations from shifting from underweight to obese in less than one generation. Interventions to address the food insecurity-obesity link need to address diet quality, and demand a broader understanding across a variety of experiences than interventions addressing underweight, which are more narrowly focused on fixing the dietary energy gap (Hendricks, 2015) . There is an urgent need to ensure consistent access to balanced diets that meet nutrient and fruit and vegetable requirements, especially for those with sociodemographic barriers. The socio-demographic mechanisms involved in obesity development are just as, or more, important to understand than the physiological mechanisms, especially in LMIC settings which simply do not have the health system capacity to treat the growing burden of obesity and consequent diseases. We need to look beyond clinical settings and work across multiple platforms, including food markets, cultural norms, intra-and inter-household economics and education.
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